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BACKGROUND OF THE INVENTION 
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Field of Invention 



[0001] The present invention relates to semiconductor devices, and more 
particularly to a semiconductor device, an electro-optical device, and an electronic apparatus 
in which degradation in performance over time can be reduced, minimized or prevented. 



[0002] Figs. 1(a) - 1(c) show a thin- film transistor as an example of a conventional 
semiconductor device. Fig. 1(a) is a plan view of a conventional polycrystalline-silicon thin- 
film transistor, Fig. 1(b) is a sectional view taken along plane b-b in the plan view of 
Fig. 1(a), and Fig. 1(c) is a sectional view taken along the plane c-c in the plan view of 
Fig. 1(a). As shown in Figs. 1(a) - 1(c), the polycrystalline-silicon thin-film transistor 
generally has a top gate structure, as disclosed in Liquid Crystal Display Technology written 
and edited by Shoichi Matsumoto, published by Sangyo Tosho. 

[0003] Figs. 2(a) - 2(c) show a manufacturing process of a typical polycrystalline- 
silicon thin- film transistor. First, an amorphous silicon layer is formed on a glass 
substrate 51 by PECVD using SiEL* or LPCVD using Si 2 H 6 , as shown in Fig. 2(a). The 
amorphous silicon layer is recrystallized by radiating with, for example, an excimer laser or 
by solid-phase growth to form a polycrystalline silicon layer 52. Next, as shown in Fig. 2(b), 
the polycrystalline silicon layer 52 is patterned so as to have an island shape, and then is 
provided with a gate insulating film 53 thereon. Subsequently, a gate electrode 54 is formed 
by deposition and patterning. Next, as shown in Fig. 2(c), a dopant, such as phosphorous or 
boron, is implanted into the polycrystalline silicon layer 52 by self-aligning using the gate 
electrode 54. Subsequently, the polycrystalline silicon layer 52 is activated, and thus 
source/drain regions 55, which have a CMOS structure, are formed. Following the formation 
of an interlayer insulating film 56 and a contact hole, source/drain electrodes 57 are formed 
by deposition and patterning. 

[0004] Conventional semiconductor devices, such as MOS elements, have had a 
problem in that their performance deteriorates over time while the devices are operated for a 
long time. It is thought that this degradation over time is caused by an electric field 
concentrated at, for example, ends of a semiconductor film serving as an active layer, or at an 
interface between the semiconductor film and an insulating layer. The degradation over time 
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Description of Related Art 



arising from this cause is significant in some semiconductor devices, such as thin-film 
transistors, which include a thin semiconductor film serving as an active layer on the 
insulating layer. 

[0005] In the thin- film transistor, since an electric field is concentrated at the ends 
of the semiconductor film, the electric field strength increases. In addition, since the 
thickness of the semiconductor film is small, the carrier concentration is liable to increase. 

[0006] Figs. 3(a) and 3(b) show results of distribution analyses, by device 
simulation, of the electric field strength and the carrier concentration of the polycrystalline 
silicon thin-film transistors. The electric field strength distribution in Fig. 3(a) shows that a 
substantially central area of the semiconductor film had an electric field strength of 4.5 x 10 5 
V/cm, and that a far end of the semiconductor film had a high electric field strength of 6.6 x 
10 5 V/cm. Also, Fig. 3(b) shows that the substantially central area of the semiconductor film 
had a carrier concentration of 2.7 x 10 17 cm" 3 , and that the far end of the semiconductor film 
had a carrier concentration of 1 .6 x 10 20 cm" 3 . 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention reduces the electric field strength or the 
carrier concentration at ends of a semiconductor film, and thus provides a semiconductor 
device in which degradation in performance of the device over time can be reduced, 
minimized or prevented. 

[0008] A first semiconductor device of the present invention includes a 
semiconductor film, a gate insulating film formed on at least part of the semiconductor film, 
and a gate electrode formed on the gate insulating film. The gate electrode does not cover 
any end of the semiconductor film. In this structure, the ends of the semiconductor film may 
be the areas where the semiconductor film is in contact with a field insulator to separate 
elements. 

[0009] A second semiconductor device of the present invention includes a 
semiconductor film having a source region and a drain region, a gate insulating film formed 
on at least part of the semiconductor film, and a gate electrode formed on the gate insulating 
film. The width of the gate electrode is smaller than the width of the semiconductor film. 
The widths of the semiconductor film and the gate electrode are defined as the lengths thereof 
in a direction that is perpendicular to a direction in which a current flows between the source 
region and the drain region. Hence, the semiconductor device has an external structure in 
which the semiconductor film extends past the gate electrode. 



[0010] In the first and second semiconductor devices of the present invention, since 
the gate electrode does not overlie the ends of the semiconductor film, any electric 
concentration at the ends of the semiconductor film, which is one of the causes of degradation 
over time, can be reduced, minimized or prevented. These semiconductor devices, therefore, 
can maintain the original performance for a long time. 

[0011] A third semiconductor device of the present invention further includes a sub 
gate electrode that is connected to the gate electrode in a semiconductor device described 
above. 

[0012] In a fourth semiconductor device of the present invention, the sub gate 
electrode is disposed on the gate electrode. 

[0013] Since the third and fourth semiconductor devices have the sub gate 
electrode, the carriers flowing in the semiconductor film can be precisely controlled. 

[0014] In a fifth semiconductor device of the present invention, the sub gate 
electrode of a semiconductor device described above is disposed so as to cover ends of the 
semiconductor film. In this semiconductor device, since carrier control at the ends of the 
semiconductor film is performed by the sub gate electrode, the semiconductor device has a 
structure in which the electric field strength or the carrier concentration at the ends of the 
semiconductor film and the off-state current can be reduced at the same time. More 
preferably, the sub gate electrode not only covers the ends of the semiconductor film, but also 
extends past the semiconductor film. 

[0015] A sixth semiconductor device of the present invention includes a 
semiconductor film, a gate insulating film formed on at least part of the semiconductor film, 
and a gate electrode formed on the gate insulating film. Ends of the semiconductor film 
include regions that are formed of an intrinsic semiconductor which is not doped with dopant. 
The regions formed of an intrinsic semiconductor at the ends of the semiconductor film of the 
semiconductor device contribute less to the transfer of carriers. Even if a high electric field 
strength or high carrier concentration is generated in the regions that are formed of an 
intrinsic semiconductor, therefore, degradation in performance over time can be reduced. In 
this specification, "a region formed of an intrinsic semiconductor which is not doped with 
dopant" means a semiconductor region which is doped with a smaller amount of dopant than 
the other semiconductor regions, as well as a region which is not doped with any dopant. 

[0016] A seventh semiconductor device of the present invention includes a 
semiconductor film, a gate insulating film formed on at least part of the semiconductor film, 
and a gate electrode formed on the gate insulating film. The semiconductor film includes a 



region that is formed of an intrinsic semiconductor which is not doped with dopant, and the 
region extends past the gate electrode. This semiconductor device has a structure in which 
deterioration caused by heating the semiconductor film when the device is driven or when 
electric power is applied to the device, can be reduced, minimized or prevented. If the 
semiconductor device is used as a semiconductor device which is incorporated into, for 
example, shift registers, level shifters, buffer circuits, and analog switches, degradation of 
these circuits over time can be reduced. 

[0017] An eighth semiconductor device of the present invention includes a 
semiconductor film having a source region and a drain region, a gate insulating film formed 
on at least part of the semiconductor film, and a gate electrode formed on the gate insulating 
film. The semiconductor film includes a region that is formed of an intrinsic semiconductor 
which is not doped with dopant, i.e., the region extending toward the source region or the 
drain region from the gate electrode. The thin-film transistors shown in Figs. 7 and 8 are 
examples of this semiconductor device. These thin-film transistors have a structure in which 
heat generated in the semiconductor film can be efficiently released. If the thin-film 
transistors are used as a semiconductor device which is incorporated into circuits, such as 
shift registers, level shifters, buffer circuits, and analog switches, degradation of these circuits 
over time can be reduced. 

[0018] A ninth semiconductor device of the present invention includes a 
semiconductor film having a source region and a drain region, a gate insulating film formed 
on at least part of the semiconductor film, and a gate electrode formed on the gate insulating 
film. The semiconductor film includes a plurality of regions formed of an intrinsic 
semiconductor which is not doped with dopant, and the regions extend toward the source 
region or the drain region. This semiconductor device has a structure in which a large current 
can be applied while inhibiting heat generation by the current. 

[0019] In a tenth semiconductor device of the present invention, the semiconductor 
film of a semiconductor device described above is formed on an insulating layer. Thin-film 
transistors and SOI transistors are examples of the semiconductor devices. In a thin-film 
transistor, the insulating layer is separated by the ends of the semiconductor film. As a result, 
degradation in the performance of the device over time, which is due to a high electric field 
strength or carrier concentration at the ends of the semiconductor film, is significant 
especially in the thin-film transistor. However, the semiconductor device according to the 
present invention can maintain its original performance for a long time. 
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[0020] A circuit board of the present invention includes a semiconductor device 
described above, and wires that supply signals or electric power to the semiconductor device. 
This circuit board is suitable for electro-optical devices, such as liquid crystal devices and 
electroluminescence devices. 

[0021] A first electro-optical device of the present invention includes the circuit 
board, a first electrode formed above the circuit board, and an electro-optical element formed 
above the first electrode. 

[0022] A second electro 7 optical device of the present invention includes an electro- 
optical element and a semiconductor device described above. The electro-optical element 
and the semiconductor device are used as at least one electronic circuit that is selected from 
the group consisting of shift registers, level shifters, buffer circuits, and analog switches. 

[0023] In the electro-optical device, an organic electroluminescence element may 
be used as the electro-optical element. 

[0024] In an electronic apparatus of the present invention, an electro-optical device 
described above is used as a display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Figs. 1(a) and 1(c) are a plan view, a sectional view taken along a plane 
parallel to a current flow, and a sectional view taken along a plane perpendicular to the 
current flow, of a conventional polycrystalline silicon thin-film transistor; 

[0026] Figs. 2(a) - 2(c) show a manufacturing process of a conventional 
polycrystalline silicon thin- film transistor; 

[0027] Figs. 3(a) and 3(b) are distribution charts, by device simulation, of the 
electric field strength and the carrier concentration of a conventional polycrystalline silicon 
thin-film transistor; 

[0028] Figs. 4(a)-4(c) are a plan view, a sectional view taken along a plane parallel 
to a current flow, and a sectional view taken along a plane perpendicular to the current flow, 
of a polycrystalline silicon thin-film transistor according to a first embodiment of the present 
invention; 

[0029] Figs. 5(a) and 5(b) are distribution charts, by device simulation, of the 
electric field strength and the carrier concentration of the polycrystalline silicon thin-film 
transistor according to the first embodiment of the present invention; 

[0030] Figs. 6(a)-6(c) are a plan view, a sectional view taken along a plane parallel 
to a current flow, and a sectional view taken along a plane perpendicular to the current flow, 



of a polycrystalline silicon thin-film transistor according to a second embodiment of the 
present invention; 

[0031] Fig. 7 is a plan view of a polycrystalline silicon thin-film transistor 
according to a third embodiment of the present invention; 

[0032] Fig. 8 is a sectional view of a polycrystalline silicon thin-film transistor 
according to the third embodiment of the present invention; 

[0033] Fig. 9 is a cross-sectional view of an electro-optical device according to the 
present invention; 

[0034] Fig. 10 is a schematic that shows a planar structure of the electro-optical 
device according to the present invention; 

[0035] Fig. 1 1 is a perspective view showing an example of a mobile personal 
computer containing an electro-optical device according to the present invention; 

[0036] Fig. 12 is a perspective view showing an example of a cellular phone 
containing an electro-optical device according to the present invention; 

[0037] Fig. 13 is a perspective view and schematic showing an example of a digital 
still camera using an electro-optical device according to the present invention as the finder of 
the camera. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0038] Preferred embodiments of the invention are described below. 
(First Embodiment) 

[0039] Figs. 4(a)-4(c) are a schematic plan view and two sectional views of a thin- 
film transistor according to a first embodiment of the present invention. In the thin-film 
transistor, a semiconductor film formed of a highly-doped source region 12, a highly-doped 
drain region 13, and an active region 1 1 is formed of polycrystalline silicon. The thin-film 
transistor, basically, has the same structure as the conventional, typical thin-film transistor 
shown in Fig. 1. However, as shown in Figs. 4(a)-4(c), a gate electrode 21 is disposed so as 
not to cover ends of the semiconductor film formed of the highly-doped source region 12, the 
highly-doped drain region 13, and the active region 11. Also, a sub gate electrode 22, 
connected with the gate electrode 21, is formed so as to extend past ends 41 of the 
semiconductor film. 

[0040] The distributions of the electric field strength and the carrier concentration 
of the thin-film transistor according to this embodiment were analyzed by device simulation, 
and the results are shown in Figs. 5(a) and 5(b). This device simulation was performed only 
for the gate electrode 21, which directly affects the electric field of the semiconductor film, 
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but not for the sub gate electrode 22, using the same parameters as in the above-described 
device simulation of the conventional thin-film transistor. The results of the device 
simulation of the conventional thin-film transistor, as shown in Figs. 3(a) and 3(b), show that 
the electric field strength and the carrier concentration at an end of the thin-film transistor 
were 6.6 x 10 5 V/cm and 1.6 x 10 20 cm" 3 , respectively. On the other hand, the results of the 
device simulation of the thin-film transistor according to this embodiment show that the 
electric field strength and the carrier concentration at an end of the thin-film transistor were 
7.2 x 10 3 V/cm and 8.9 x 10 16 cm" 3 , respectively. Hence, the electric field strength and the 
carrier concentration decreased significantly. 

[0041] This suggests that the electric field strength and the carrier concentration at 
ends of the semiconductor can be reduced by disposing the gate electrode 21 so as not to 
cover the ends 41 of the semiconductor film. 

[0042] The sub gate electrode 22 which extends past the semiconductor film formed 
of the highly-doped source region 12, the highly-doped drain region 13, and the active 
region 1 1 contributes particularly to the reduction of off-state current. More specifically, the 
sub gate electrode 22 prevents a leakage electric field from the vicinity thereof from reaching 
the ends of the semiconductor when the semiconductor is in an off state. Such minute 
leakage current often causes a problem. If the electric field is blocked, the potential gradient 
in the semiconductor film becomes close to zero, the carrier concentration decreases, the 
minute leakage current is reduced, and thus the off-state current can be reduced. 
(Second Embodiment) 

[0043] Figs. 6(a)-6(c) are a schematic plan view and two sectional views of a thin- 
film transistor according to a second embodiment of the present invention. In the thin-film 
transistor, a semiconductor film formed of the highly-doped source region 12, the highly- 
doped drain region 13, and the active region 1 1 has an intrinsic-semiconductor region 14 at 
ends thereof. Since the intrinsic-semiconductor region 14 is not in the flow of current 42, 
deterioration in the performance of the device over time, which is due to a high electric field 
strength and a high carrier concentration, can be reduced even if the high electric field 
strength and the high carrier concentration occur in the intrinsic-semiconductor region 14. 
(Third Embodiment) 

[0044] Fig. 7 is a schematic plan view of a thin-film transistor according to a third 
embodiment of the present invention, and Fig. 8 is a sectional view of the thin-film transistor 
taken in the direction perpendicular to the current flow. A sectional view taken in the 
direction parallel to current flow is substantially the same as that shown in Fig. 6(b) and is 
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thus omitted. The semiconductor film of the thin-film transistor shown in Fig. 7 is separated 
into a plurality of portions by a plurality of intrinsic-semiconductor regions 14 that are 
disposed in parallel with a current 42 flowing between the source and the drain. This 
structure is suitable to reduce degradation over time which is caused by a high electric field 
strength and a high carrier concentration which occur at the end potions of the semiconductor 
film, thus releasing heat generated while the current flows. In addition, since the intrinsic- 
semiconductor region 14 is formed simply by doping a desired position or area with dopant, it 
does not require any additional space, and thus advantageously leads to a high-density 
arrangement of thin-film transistors. By using the thin-film transistor having this structure as 
a semiconductor device incorporated into circuits which serve as an essential component of 
various electrical products, such as liquid crystal panels, electroluminescent panels, and 
sensors, degradation of these circuits over time can be reduced. The circuits include, for 
example, transfer gates, inverters, clocked inverters, logic gates (NAND, NOR, and the like), 
shift registers, level shifters, buffer circuits, differential amplifiers, current mirror operational 
amplifiers, DA converters, AD converters, DRAMs, SRAMs, arithmetic circuit adders, 
microcomputers, DSPs, analog switches, and CPUs. 

[0045] In this embodiment, the gate electrode 21 extends so as to cross the direction 
in which the current flows and to cover the ends of the semiconductor film, as shown Fig. 8. 
The gate electrode may be formed so as not to cover the outermost ends of the semiconductor 
film, and a sub gate electrode is formed to cover the ends of the semiconductor film instead 
of the gate electrode. 

[0046] Fig. 9 is a sectional view that shows an organic electroluminescence device 
as an example of an electro-optical device of the present invention, in which an organic 
electroluminescence element is used as an electro-optical element. Thin-film transistors 72 
and 75 are formed on an insulating substrate 71. A source or drain electrode 77, disposed on 
a first interlayer insulating film 76 which is connected to one thin-film transistor 75, but not 
to the other thin-film transistor 72, is connected to a pixel electrode 79 via a contact hole 
formed in a second interlayer insulating film 78. If the pixel electrode 79 is an anode formed 
of ITO or the like, it is preferable to provide a hole-injection layer 83 serving as a charge- 
injection layer on the pixel electrode 79, as described in this embodiment. The hole-injection 
layer 83 is provided with a luminescent layer 84 thereon. A cathode 85 is formed on the 
luminescent layer 84, and further, a sealant 86, to reduce, minimize or prevent water and 
oxygen from entering the cathode 85 and the luminescent layer 84, is disposed on the 
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cathode 85. An adhesion layer 81 and an inter-layer 82 are provided at both sides of the 
luminescent layer 84 and the hole-injection layer 83. 

[0047] If the hole-injection layer 83 and the luminescent layer 84 are formed by a 
liquid phase process, such as an ink-jet method or a micro spotting method, providing 
adhesion layer 8 1 lyophilic characteristics against the liquid used for the formation of the 
luminescent layer 84 and the hole-injection layer 83 different from those of the inter-layer 82 
facilitates the formation of the hole-injection layer 83 and luminescent layer 84 so as to be 
selectively disposed in desired positions. 

[0048] Fig. 10 is a schematic that shows an example of an active matrix display 
using organic electroluminescence elements including the semiconductor devices according 
to the present invention. The semiconductor devices serve to drive the electro-optical 
elements such as luminescent elements. Fig. 10 shows a display 200. 

[0049] As shown in the circuit diagram in Fig. 10, the display 200 includes a 
plurality of scanning lines 131, a plurality of signal lines 132 extending in the direction 
crossing the scanning lines 131, and a plurality of common power feeding lines 133 
extending parallel to the signal lines 132 disposed on the board. Intersecting points of the 
scanning lines 131 and the signal lines 132 define pixels (pixel areas) 1A. 

[0050] A data driving circuit 103 is provided for the signal lines 132. On the other 
hand, a scanning driving circuit 104 is provided for the scanning lines 131. Each pixel 
area 1 A has a first thin-film transistor 142 in which scanning signals are applied to the gate 
electrode thereof via a corresponding scanning line 131 ; a hold capacitor cap that holds a data 
signal transmitted from a corresponding signal line 132 via the first thin-film transistor 142; a 
second thin-film transistor 143 in which the data signal held by the hold capacitor cap is 
transmitted to the gate electrode thereof; a pixel electrode 141 into which driving current 
flows when it is connected to a corresponding common power feeding line 133 via the second 
thin-film transistor 143; and a luminescent element 140 disposed between the pixel 
electrode 141 and an opposing electrode 154. 

[0051] In this structure, when the scanning line 131 is driven to switch the first thin- 
film transistor 142 on, the hold capacitor cap holds the potential of the signal line 132 at that 
moment. It is determined whether the second thin-film transistor 143 conducts according to 
the state of the hold capacitor cap. Current flows from the common power feeding line 133 
to the pixel electrode 141 via the channel of the second thin-film transistor 143, and further to 
the opposing electrode 154 via the luminescent element 140. Thus, the luminescent 
element 140 emits light according to the amount of current flowing therethrough. 
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[0052] The semiconductor device according to the present invention can be used as 
the thin-film transistors 143 and 142. Also, the semiconductor device according to the 
present invention can be used as a component element of, for example, shift registers, level 
shifters, video lines, and switches, which are included in the data driving circuit 103 and the 
scanning driving circuit 104. In particular, the semiconductor device including a plurality of 
intrinsic-semiconductor regions, as shown in Fig. 9, is suitable for shift registers and level 
shifters in which a large amount of current may flow. 

[0053] Next, some examples of electronic apparatuses including the electro-optical 
device illustrated above will now be described. Fig. 1 1 is an oblique perspective view 
showing the structure of a mobile personal computer using the above electro-optical device. 
In Fig. 1 1, a personal computer 1 100 includes a body 1 104 including a keyboard 1 102 and a 
display unit 1 106. The display unit 1 106 includes the electro-optical device 100 described 
above. 

[0054] Fig. 12 is an oblique perspective view of a cellular phone using the electro- 
optical device 100 for a display thereof. In Fig. 12, the cellular phone 1200 includes a 
plurality of operation buttons 1202, an earpiece 1204, a mouthpiece 1206, and the above 
electro-optical device 100. 

[0055] Fig. 13 is an oblique perspective view showing the structure of a digital still 
camera using the above electro-optical device 100 for a finder thereof. In Fig. 13, the 
connection with external equipment is also schematically shown. While film is exposed to 
optical images of objects in conventional cameras, in the digital still camera 1300, an imaging 
element, such as a CCD (charge coupled device) converts optical images of objects into 
electricity to generate imaging signals. The electro-optical device 100 is provided on the 
back of a case 1302 of the digital still camera 1300 to display images according to the 
imaging signals from the CCD. Thus, the electro-optical device 100 serves as a finder to 
display objects. Also, an optical receiver unit 1304 including a lens and the CCD is provided 
on the observing side of the case 1302 (back of the Fig. 13). 

[0056] When a camera operator presses a shutter button 1306 after observing an 
object image displayed in the electro-optical device 100, the imaging signal from the CCD at 
that moment is transmitted to, and stored in, a circuit board 1308. Also, the digital still 
camera 1300 has a video-signal output terminal 1312 and an input-output terminal 1314 for 
data transmission on a side of the case 1302. If necessary, the video-signal output 
terminal 13 12 is connected to a television monitor 1430 and the data transmission input- 
output terminal 1314 is connected to a personal computer 1440, as shown in Fig. 13. In 
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addition, a certain operation allows the imaging signal stored in the memory storage of the 
circuit board 1308 to be output to the television monitor 1430 and the personal 
computer 1440. 

[0057] Besides the personal computer shown in Fig. 1 1, the cellular phone shown in 
Fig. 12, and the digital still camera shown in Fig. 13, exemplary electronic apparatuses using 
the electro-optical device 100 of the present invention include, for example, TV sets, 
viewfinder-type and monitor-direct-view-type video tape recorders, car navigation systems, 
pagers, electronic notebooks, calculators, word processors, workstations, video phones, POS 
terminals, and apparatuses having touch panels. The electro-optical device 100, of course, 
can be used as the displays of these electronic apparatuses. 

[0058] While the embodiments described above relate to polycrystalline silicon 
thin-film transistors, the technical concept of the present invention is effective in other 
semiconductor devices, such as, mono-crystalline silicon thin- film transistors, amorphous 
silicon thin-film transistors, and other thin-film transistors. 
(Advantages) 

[0059] The semiconductor device according to the present invention can be 
incorporated into various circuits. The circuits include, for example, transfer gates, inverters, 
clocked inverters, logic gates (NAND, NOR, and the like), shift registers, level shifters, 
buffer circuits, differential amplifiers, current mirror operational amplifiers, DA converters, 
AD converters, DRAMs, SRAMs, arithmetic circuit adders, microcomputers, DSPs, analog 
switches, and CPUs. By incorporating the semiconductor device according to the present 
invention into these circuits serving as essential components of various electronic products, 
such as liquid crystal panels, electroluminescence panels, and sensors, degradation of these 
circuits over time can be reduced. 



